Deer antler is a rare example of a fast-growing organ in the higher animal kingdom. Regenerating antlers provide a unique opportunity to study rapid growth and development at the cellular and molecular levels. The tip, upper section, mid section, and base of the antler have different biological properties. In the present study, gene expression profiling was carried out in these four parts using DNA chip microarray technology. Three sets of comparisons were done, tip vs. base, upper section vs. base, and mid section vs. base. Among the genes analyzed, there were 84 up-regulated in the comparison tip vs. base, 39 in the upper section vs. base, and eight in the mid-section vs base. In addition, 132, 72, and 31 down-regulated genes were identified in the same comparisons, respectively. Characterization of these genes may lead to the disclosure of the secret resides in the functions between the base of the developing antlers and the other three upper parts of that.
Introduction
Deer antler, the cranial appendage of male deer, is a rare example of a fast-growing organ in the higher animal kingdom (Price et al., 2005) . Growth occurs at a rapid rate-up to 2 cm/day in some species. It is known that, developmentally, antlers originate from the antlerogenic periosteum overlying the lateral crest of the frontal bone of the prepubertal deer (Li and Suttie, 2001; Price et al., 2005) . Re-growth of red-deer antler is initiated at the distal antler tip, where mesenchymal cells proliferate and then differentiate into chondroblasts and chondrocytes. The cartilaginous portion of the antler is extensive and the chondrocytes within it are arranged in numerous longitudinal trabeculae that eventually mineralize. As a result of chondroclastic activity, it becomes the cartilaginous texture of the tissue (Price et al., 1996) .
The extremely rapid growth rate of the deer antler provides a model system for addressing several fundamental questions regarding the molecular biology of normal growth.
For instance, what is the molecular basis of this rapid growth? Is it driven by unique growth factors, or achieved through a unique regulating system (Li et al., 2002) ? Can the positional information theory proposed for limb formation also explain antler development? Will revealing the underlying mechanism of antler regeneration help us to understand why other mammalian appendages cannot regenerate? The cDNA transcripts prepared from mRNA extracted of growing antler tip tissue were much smaller than those obtained from nine different types of deer body tissue (Li and Suttie, 2001) . Are these small transcripts causally related to the rapid growth and differentiation of the antler? Previous studies suggested that hormonal stimuli, such as pulsatile growth hormone (Suttie et al., 1989) and plasma testosterone (Suttie et al., 1992) , interacted with diverse signaling pathways to differentially affect antler growth. Locally produced growth factors and growth-factor receptors were also found to be required for the rapid growth and differentiation of antler tissue. The growth factors include insulin-like growth factor (IGF) (Elliott et al., 1992) , epidermal growth factor (EGF) and its receptor (EGFR) (Barling et al., 2005) , bone morphogenetic protein 4 (Feng et al., 1995) , and neurotrophin-3 (NT-3) (Garcia et al., 1997). The expression of other genes potentially involved in the rapid growth or regeneration of the antler have also been widely studied, for example, Sonic Hedgehog (Li and Suttie, 2001) and retinoic acid (Allen et al., 2002) . Despite these findings, the control mechanism behind the regulation of antler growth and differentiation remain unclear (Garcia et al., 1997) .
Recently, DNA chip microarray systems can be used in profiling the expression of thousands of genes as well as the changes in gene expression (Nishida et al., 2001) . Indeed, this approach has been applied to evaluate gene expression in plants, bacteria, yeast, and human cells (Chambers et al., 1999) . Interpretation of the results of these analyses must be accompanied by sufficient information concerning the experimental conditions used to obtain expression profile data (Uchiyama et al., 2000) . The DNA microarray approach has also been applied to the deer antler in order to identify novel genes involved in the early events of mesenchymal cell specialization or in robust bone development (Gyurjan et al., 2006; Molnar et al., 2006) ; however, in these studies deer cDNA was compared with a mouse template to analyze growth at the antler tip. Based on histological findings, the antler was divided into four parts, the tip, upper section, mid-section, and base ( fig. 1 ) (Banks and Newbrey, 1983) , which also differ in their chemical composition (Suttie and Haines, 2000) . Most studies have focused on the tip and little is known about the other three sections. The tip has been shown to possess several chemically active compounds, such as collagen, ash, calcium, phosphorus, and magnesium, and the amounts of many proteins and lipids decrease downward from the tip to the base (Sunwoo and Sim, 2000) . The tip and upper section of the antler are rich in cartilaginous tissue (Sunwoo et al., 1997) . Evidence from the histology studies showed sequential differentiation of the antler from the tip to the base (Banks and Newbrey, 1983) . The early stages of tip of differentiation
